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Gunshot-related injury in the civilian setting is a complex problem 
with several important variables determining incidence, injury 
pattern and outcome. Worldwide, these injuries are focused in 
countries with a high level of gun ownership in combination 
with particular socioeconomic circumstances.[1] The legacy of these 
injuries for those who survive possibly varies by injury severity, 
treatment availability and social setting. The data around these 
outcomes are rarely available, particularly in low- and middle-income 
countries, where the burden of gun violence is high.[1] 
In South Africa (SA), the burden of gun violence is among the 
highest in the world.[2] Gun-related mortality is estimated at 20 per 
day (11th highest globally).[3] Data around non-fatal gun injures are 
more difficult to come by, particularly as there is no infrastructure 
for surveillance. However, single-centre data identify a significant 
burden of work for public hospitals and cost to the state healthcare 
provider.[4]
Given the multidimensional nature of gunshot-related trauma, 
the circumstances of violence, its socioeconomic drivers and the 
consequences must be considered.[5] However, more information is 
needed on the geographical spread of violence and the populations 
involved. 
Current data on gun violence in SA focus on mortality.[3,6] There is 
a lack of understanding regarding the burden to individuals, society 
and health funders created by gun violence. Important questions also 
remain around best practice and variation in care pathways. There 
is no national guidance and each clinical unit is required to manage 
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Background. South Africa (SA) has one of the highest gun-related mortality rates in the world – 20 people per day. The available data, 
however, do not reflect the substantial number of patients suffering non-lethal firearm injuries. Gunshot-related injury has been recognised 
as a highly costly healthcare problem by individual treating centres in SA and other countries; however, no ‘national picture’ has been 
examined in detail. 
Objectives. To explore the burden of gunshot-related orthopaedic injuries across SA. 
Methods. A multicentre research network was established in SA, and 37 orthopaedic units across 9 provinces participated. A prospective, 
observational cohort study was performed during a 2-week period in 2019. Patients were screened, enrolled and reported by local 
orthopaedic teams. Patients were included if they had at least one acute gunshot-related orthopaedic fracture referred to the orthopaedic 
service. Patients were asked additional questions around baseline health-related quality-of-life (HRQOL) and personal circumstances. 
Follow-up was at 8 weeks after injury. 
Results. Thirty-seven centres enrolled 135 patients over the 2-week study period. Western Cape Province had the highest number of 
reported cases (n=52; 39%), followed by Gauteng (n=35; 26%) and KwaZulu-Natal (n=29; 21%). The median age of patients was 30.5 years 
and the majority were male (89%). Forty-three percent of patients had been either shot or stabbed prior to this injury. Fifty-two percent of 
all patients required fracture fixation surgery and 11% required wound debridement without fracture fixation. HRQOL data were collected 
successfully at baseline, but follow-up data were available for <25% of cases.
Conclusions. Gunshot-related orthopaedic injuries represent a significant burden of disease in the SA healthcare environment. This study 
highlights several areas for further research in the management of the injuries and associated outcomes.
S Afr Med J 2021;111(7):655-660. https://doi.org/10.7196/SAMJ.2021.v111i7.15236
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patients according to local guidelines. Most of the evidence available 
is generated in high-income countries and the military. This may be 
limited in its relevance to middle-income settings such as SA.[7]
Given the important current limitations to the understanding 
of the burden of gunshot-related orthopaedic injuries across the 
country, we conducted a multicentre observational cohort study with 
the following objectives:
• to determine the number of people affected by gunshot orthopaedic 
injuries at the participating centres
• to understand the anatomical distribution of injuries and associated 
surgical treatment strategies
• to understand the demographics of the people affected by gunshot-
related violence
• to review whether patients are alive or dead at 8 weeks, to monitor 
the percentage who attend routine follow-up and to explore 
collection of follow-up data in a ‘difficult to follow-up’ population, 
including health-related quality of life (HRQOL).
Methods
Setting
This study was set across the 9 provinces of SA, a middle-income 
country with a population of 56 million.[8] Site investigators were 
recruited from the South African Orthopaedic Association that 
represents orthopaedic surgeons across the country. 
Study design
A prospectively collected observational cohort study was conducted. 
The total study period was from 18 February to 26 April 2019. 
Patient identification and recruitment was open for 2 weeks, from 18 
February to 4 March 2019. The 2-week recruitment period was based 
on previous studies using similar embedded clinical teams to recruit 
patients and return data.[9]
After this, there was 8 weeks’ follow-up to record patient outcomes 
according to usual clinical care in this setting. Each site investigation 
team monitored orthopaedic trauma admissions at their centre 
for patients who met the inclusion criteria mentioned below. Only 
routinely collected anonymised medical data were captured at 
baseline and follow-up. Where patients lacked capacity, consent was 
sought to enrol in the study and ask specific research questions. 
The study population comprised adults ≥18 years old, with at least 
one gunshot-related orthopaedic fracture to limb, spine or pelvis. 
The primary outcomes were as follows: 
• to determine the number of people affected by gunshot-related 
orthopaedic injuries at the participating centres
• to determine the distribution of injuries and associated surgical 
treatment strategies.
The secondary outcomes were as follows:
• to determine the social and demographic patient characteristics 
at baseline 
• to determine whether alive or dead at discharge or 8 weeks
• to determine attendance at follow-up – an embedded feasibility 
component. 
Adequate follow-up is a well-recognised challenge in this setting. 
Associated with the secondary objectives was the capture of HRQOL. 
This was captured at baseline, asking for pre-injury state and follow-
up. EuroQol 5 dimension 5 level (EQ-5D-5L), a tool for measuring 
health status across 5 domains (pain, anxiety/depression, mobility, 
self-care and usual activities) was used.[10] Each domain was scored on 
a scale from 1 (no problems) to 5 (extreme problems). There was an 
associated visual analogue scale, where 0 represents the worst health 
state imaginable and 100 represents perfect health.
Data capture method and data fields
Each investigator team identified all eligible patients presenting to 
their unit during the study window period. Eligible patients were 
approached, and their consent sought to answer research-specific 
questions related to the study EQ-5D-5L, education and housing data. 
Where patients lacked capacity or did not want to provide answers 
to research questions, only anonymous routinely collected data were 
recorded. All data were recorded on the REDCap (Research Electronic 
Data Capture) online secure platform. All centres were approached and 
asked to confirm that no cases were missed at their unit.
Statistical analysis
No formal hypothesis testing was undertaken. Descriptive summary 
statistics were used to outline the relevant metrics. Each parameter 
is presented, where appropriate, with an associated expression of 
uncertainty, e.g. 95% confidence interval. EQ-5D-5L scores are 
represented descriptively using summary statistics for the visual 
analogue scale (VAS), and raw scores reported for the 5 domains. 
No health utility scores were calculated in the absence of an SA 
reference population dataset. Analysis and graphic generation were 
undertaken using the in situ software on REDCap (v8.4.3), STATA 15.1 
(StataCorp., USA) or Google maps.
Ethical approval
Ethical approval was given by the University of Cape Town (UCT) 
Human Research Ethics Committee (ref. no. HREC 755/2018). The 
study was conducted in line with the principles of the Declaration 
of Helsinki. Each unit used UCT approval or sought reciprocal 
approval from the relevant health board. The study was registered 
prospectively on the Clinical Trials Registry (ref. no. NCT03854591). 
Additional institutional permission was sought where requested.
Results
Public hospitals across SA took part in the study (37 of 52 centres with 
orthopaedic specialist care). All centres were invited to participate. Of 
the 15 centres that did not participate, 7 did not respond at all, 2 
declined owing to lack of capacity and 6 did not participate, as they 
were not able to obtain the necessary permission in time.
Fig. 1 outlines the location of the participating centres. 
Burden of injury
A total of 135 unique cases of gunshot-related fractures was captured 
across 8 of SA’s 9 provinces. Table 1 outlines the distribution of cases 
across the country, representing all of the eligible patients seen at the 
participating institutions.
Western Cape Province had the highest number of cases (n=52; 
39%), followed by Gauteng (n=35; 26%) and KwaZulu-Natal (n=29; 
21%). There was significant variation in the number of patients seen 
at each centre in each province. The highest volume of work was 
undertaken in the larger city hospitals with large urban catchment areas 
(Supplementary Table 1: http://samj.org.za/public/sup/15236-1.pdf). 
Injury profile and treatment
Table 2 outlines the anatomical pattern of injury and reported 
treatment. The femur was most commonly affected (n=29) and 
mostly treated surgically. The next most commonly affected regions 
were also in the lower limb. Injuries to the leg (tibia/fibula) were 
much less commonly managed with surgery (28.2%). 
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Patient profile
Patients affected by gun violence are over-
whelmingly young (mean age 32.5 years) males 
(89%) (Table 3). A significant proportion is 
either unemployed or employed in low-skilled 
occupations. There are also a very high num-
ber of cases (n=51) where the individual had 
been either stabbed or shot prior to the epi-
sode captured in this study. Of the 76 patients 
who disclosed their HIV status, 16 (21%) 
reported their status as positive.
Patient outcomes and follow-up
Fewer than 20% of patients identified returned 
for follow-up (Table 4). In most cases, this was 
due to the patients not attending routine 
clinical follow-up. For those with a recorded 
outcome, over half were discharged home 
from inpatient hospital care by 8 weeks.
Health-related quality of life
Table 5 outlines the mean VAS scores in the 
EQ-5D-5L outcome tool. The average score 
Table 1. Cases by province, 18 February - 4 March 2019
Province Gunshot-related injuries, n (%) Population, n*
Study centres/orthopaedic units 
per province, n
Western Cape 52 (39) 6 300 000 10/10
Gauteng 35 (26) 13 400 000 6/14
KwaZulu-Natal 29 (21) 11 100 000 11/13
Free State 8 (6) 2 800 000 2/4
Mpumalanga 6 (4) 4 300 000 2/3
Eastern Cape 5 (4) 7 000 000 3/3
Limpopo 0 (0) 5 404 868 1/3
North West 0 (0) 3 700 000 1/1
Northern Cape 0 (0) 1 200 000 1/1
Total 135 (100) 55 600 000 37/52
*Population data are based on the 2016 community survey.[12]
Fig. 1. Geographical representation of centres participating in the gunshot-related injuries in trauma 
(GRIT) study.
Table 2. Profile of injury and treatment
Area injured
Delayed fixation of 








surgery, n (%) Total, n
Shoulder 1 (20) 4 (80) 0 0 0 5
Arm/humerus 1 (12.5) 1 (12.5) 1 (12.5) 1 (12.5) 4 (50) 8
Elbow 0 3 (75) 0 0 1 (25) 4
Forearm 1 (14) 1 (14) 0 2 (28) 3 (43) 7
Hand/wrist 2 (22) 2 (22) 0 3 (33) 2 (22) 9
Spine 1 (17) 3 (50) 2 (33) 0 0 6
Pelvis 0 3 (100) 0 0 0 3
Hip 1 (50) 1 (50) 0 0 0 2
Femur 12 (41) 2 (7) 0 0 15 (52) 29
Knee 1 (14) 2 (28) 0 3 (43) 1 (14) 7
Leg 4 (17) 11 (46) 1 (4) 1 (4) 7 (29) 24
Foot and ankle 2 (14) 6 (43) 0 3 (21) 3 (21) 14
Total 26 (22) 39 (33) 4 (3) 13 (11) 36 (31) 118
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after injury was lower (69.1) than before injury (78.1). Assessment 
of the scores of those with both baseline and follow-up data, showed 
that most patients did not recover their health at 8 weeks (Fig. 2). 
The scores for each domain of health indicate that these injuries 
affect not only typical musculoskeletal elements, such as mobility, 
but also anxiety (Supplementary Table 2: http://samj.org.za/public/
sup/15236-2.pdf). 
Discussion
This is the first multicentre study of gunshot-related injury in SA, 
which captured data across varied urban and rural environments. 
Most units participating have no research support and patients 
were recruited and data collected by the clinical team. Therefore, we 
selected a short recruitment period based on previous studies with 
a similar methodology.[9] Most injuries were centred on the major 
conurbations of the Western Province, Gauteng and KwaZulu-Natal. 
A total of 135 patients was identified over a 14-day study period at 
participating centres – a rate of >9 patients per day. It should be noted 
that only orthopaedic units at public hospitals participated. Around 
90% of the population is dependent on public healthcare, while 
the remaining 10% access private healthcare.[11] Also, in rural SA, 
primary orthopaedic care is administered by general practitioners. 
It is therefore likely that the numbers presented underestimate the 
number of gunshot-related fractures in SA.
The femur was the most commonly affected anatomical region. 
A range of surgical treatment strategies was employed, depending 
on the location of the gunshot injury. That two-thirds of the 
patients captured in this study undergo some type of surgery, is of 
considerable concern for frontline healthcare providers and health 
authorities. In a previous study, the average cost of inpatient care for 
one of these episodes was estimated at USD2  940.[4] If the 2 weeks 
captured here were repeated for a calendar year, then this could 
account for >USD10 million per year in SA. These costs have been 
found in other studies of gunshot patients.[12] Furthermore, they only 
consider the hospital costs and do not identify human resources of 
a multidisciplinary team, post-discharge costs and broader societal 
costs, such as inability to return to work. 
Bibliometric analysis of gunshot-related injuries highlights that 
most of the literature around treatment is from the USA.[7] The 
treatment paradigm in the USA and in other high-income countries 
is for almost all patients to undergo surgical treatment.[13,14] These 
treatment algorithms are not necessarily relevant to low-velocity 
Table 3. Profile of study patients
Variable n (%)*
Age (years), mean (median) (IQR), n=135 32.5 (30.5) (25 - 38)
Male, n=135 122 (89.7)
Patient is aware of HIV status, n=135 76 (63.3)
HIV-negative† 60 (79)‡











Previous arrest, n=114 44 (38.6)
Previous stab or gunshot wound, n=119 51 (42.9)
Police aware of incident, n=119 79 (66.4)
Household members, median (IQR), n=118 4 (3 - 6)
Rooms per household, median (IQR),¶ n=117 3 (2 - 4)
IQR = interquartile range.
*Except where otherwise stated.
†HIV status was patient reported only.
‡ Percentage is the number of reported cases as a percentage of those who disclosed their status.
§ Percentage of total study population.
¶Number of rooms per household excludes kitchen and bathroom.
Table 4. Follow-up and primary outcome at 8 weeks
Variable n (%)
Attendance at follow-up, n=135
Yes 25 (18.5)
No 53 (39.3)
No appointment given 13 (9.6)
Missing 44 (32.5)





Transferred to alternative institution 5 (3.7)
Absconded 1 (1.2)
Ongoing inpatient care 1 (1.2)
Table 5. Summary of health-related quality-of-life scores
Baseline* health-related quality-of-life EQ-5D VAS (n=114), 
mean (SD)
78.1 (22.0)
Follow-up health-related quality-of-life EQ-5D VAS (n=25), 
mean (SD)
69.1 (16.4)
EQ-5D = EuroQol-5 dimensions; VAS = visual analogue scale; SD = standard deviation.






















EQ-5D VAS score follow-up
20                     40                      60                      80                   100
Fig. 2. Patients with baseline and follow-up data for health-related quality 
of life. The plotted line represents an equal visual analogue scale score before 
injury and at follow-up, i.e. recovery to the baseline health state. Note that 
the follow-up rate is low (25%), which limits the extrapolation of the findings 
to the overall study population. (EQ-5D = EuroQol-5 dimensions; VAS = 
visual analogue scale.)
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civilian gunshot injuries. A significant percentage of patients did not 
receive surgical treatment. These cases included incomplete fractures 
that did not require surgical fixation, but also certain complete 
fractures, where non-operative treatment in the form of casting or 
bracing was used. In most cases where fractures did not require 
surgical fixation, wound washout or debridement was not performed. 
The local non-operative treatment approach seen in this study and 
possibly practised more widely in SA is not based on high-level 
evidence, but on local protocols developed iteratively over time. Such 
practice may be a pragmatic solution to the overwhelming volume 
of work. Clearly, an understanding of outcome for each strategy is 
imperative to determine the relative benefit of each. This is a key 
future research objective.
The demographic characteristics of the patients in this study can 
be described as typical of the broader SA population compared 
with those in the General Household Survey data 2018.[15] When 
considering the level of educational attainment, 40% completed 
only primary education and 73.9% were either not employed or in 
low-skilled employment. Most patients were young males <35 years 
of age. 
Almost half of the patients had previous experience with 
interpersonal violence. These data raise the question whether an 
intervention at the time of hospitalisation can prevent future episodes. 
Programmes around early intervention in interpersonal violence have 
been used in both the UK and USA.[5,16] The Cure Violence (formerly 
Cease Fire) programme uses ‘social levers’ to reduce the incidence of 
retaliatory shooting and associated murder by up to 41%.[17] One of 
the central tenets of the Cure Violence programme is the targeting of 
high-risk individuals. Given that >40% of the patients captured in this 
study had previously been either stabbed or shot, they can clearly be 
described as high risk.
Patients in these socioeconomic brackets may be highly vulnerable 
to ‘health shock events’.[18] Therefore, the effect of these injuries may 
further impoverish the members of society who can least afford it.[19] 
The data identify that the police were only aware of 67% of 
the gunshots captured in this study. For policymakers, this has 
implications for the national understanding of gunshot-related crime, 
which is largely based on police data.
Most patients were discharged after their inpatient hospital care 
episode. The EQ-5D-5L tool for HRQOL was captured at baseline 
and at follow-up. The data suggest that the majority of patients with 
HRQOL do not recover within the first 8 weeks. However, the poor 
return to follow-up makes any definitive conclusions impossible. 
Given the known significant impact such injuries may cause, it is 
possible to speculate that the tail of recovery is long and significant 
for patients with these injuries. 
This is the first multicentre study across SA that surveyed gunshot-
related orthopaedic injury. It involves a range of settings, including 
large urban areas and rural hospitals, which adds significantly to the 
external validity of the results. These data are an important first look 
at the problem on a national scale. 
While all attempts were made to include as many centres as 
possible, not all facilities providing healthcare to patients suffering 
gunshot-related injuries were included. Therefore, it remains 
difficult to estimate the true scope of the healthcare burden – most 
likely this is still underestimated. A further consideration is that 
the patients were identified through a specialty-specific network 
(orthopaedics); there might have been relevant numbers of injuries 
referred to other specialties. Furthermore, hospitals in rural settings 
have no specialist units and orthopaedic injuries are treated by 
general practitioners. 
The follow-up return rate was low, and the results must be 
interpreted in this context. This is a phenomenon of the study 
population, who typically have a low return to follow-up for 
routine care.[20,21] The need of patients to allocate resources of 
time and money for follow-up may present a very high barrier 
to ongoing engagement. Other studies have improved follow-up 
rates by compensating patients for their return hospital visits[22] or 
modifying the follow-up process itself.[23] The latter approach may 
be more challenging in orthopaedic trauma care, where critical 
outcomes such as infection in the presence of metalwork or non-
union require extensive periods of follow-up.
Conclusions
The abovementioned data highlight that the people affected by gun-
related injuries across SA are largely in low-skilled employment and 
have previously been victims of interpersonal violence. Although a 
small sampling window, there is possibly a spectrum of treatment 
offered that may be determined by injury severity, pattern and 
variation in practice. This contrasts with the treatment discussed in 
the literature from high-income and military settings. The variation 
observed may be explained by clinical factors, such as pattern of 
injury and soft-tissue coverage; however, it may equally be explained 
by access to expertise or appropriate facilities. 
This significant public health problem for SA and these data 
identify several key areas for further research in the management 
of the injuries and associated outcomes. In addition to public health 
and social measures, there is a pressing need for observational and 
interventional studies. This may include a registry approach or man-
dating gunshot injuries as notifiable.
Future studies should capture patient-reported outcome measures, 
help define variations in clinical practice and complications of 
care. Such work will need to be appropriately resourced to assist in 
overcoming some of the significant barriers identified in this study, 
in particular those relating to patient follow-up. Future work must 
engage all stakeholders to deliver benefit for SA patients but also 
contribute insights to other countries where similar problems are 
faced, such as Central and South America. 
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